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Dear Gene: 

Sometime ago you passed to me a rough calculation you had made regarding the 
potential level of total emissions of CO 2 from producing Natuna Gas and 
subsequent burning of the LNG manufactured from the gas relative to what 
would be emitted if Natuna gas were not produced and coal was burned as a 
replacement for the LNG. Your calculation (attached) indicates that the 
total CO 2 emissions from producing Natuna gas and burning the LNG would be 
no higher than what would be emitted by burning an amount of coal equivalent 
in heating value to the LNG. This result is reflective of the fact that: 

(1) the CO 2 emitted per unit of heating value is higher for coal than for 
LNG because of the higher carbon content of coal (or conversely the lower 
hydrogen content), and (2) producing LNG at Natuna will result in the 
release of a significant amount of CO 2 because of the high CO 2 content 
of the raw gas. 

I have made a brief, independent analysis of the relative release of CO 2 . 

A copy of the calculation is attached. In the calculations, I have 
attempted to be somewhat more rigorous, firstly, in simulating the chemical, 
ash and moisture content and the heating value of coal likely to be burned 
in Japan (the properties used reflect a composite of some typical Australian 
coals) and, secondly, in reflecting, in a gross sense, the relative heat 
release from burning coal or LNG in a commercial boiler. 

The calculations indicate that the total release of CO 2 from producing 
Natuna gas and burning of the LNG manufactured from the gas would be almost 
twice that emitted by burning an equivalent amount of coal. The CO 2 
released from burning coal is calculated to be almost twice that from 
burning LNG (this result is consistent with the generalized data presented 
in Table 1 of S. Knisely's memorandum on "Controlling the CO 2 
Concentration in the Atmosphere," issued by Exxon Engineering's Petroleum 
Department, dated October 16, 1979); but producing this volume of LNG at 
Natuna releases nearly 40% more CO 2 than is released from burning coal. 
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Based on these calculations, the CO 2 content of the raw gas at Natuna 
would have to be around 50% for the total CO 2 emissions to be equivalent. 

It appears to me that there are two major reasons for the differing results 
of the two calculations. First, you assumed coal to be 100% carbon, but the 
heating value you used for coal (10,750 BTU/Lb) represents an "as-received" 
coal with some level of moisture and ash. The heating value of pure carbon 
is 14,100 BTU/Lb. This resulted in an overstatement of the amount of coal 
required, and thus the amount of CO 2 emitted, for a given level of heat 
release. Second, you used a CO 2 content of raw Natuna gas of 63%, whereas 
the nominal level we have been using for planning purposes is 71.8%. 
Adjusting your calculations for these two factors would bring the results of 
both calculations into close agreement. 

Both of these calculations are, of course, very rough approximations. To 
get a more accurate evaluation one would need to determine more precisely 
the relative heat liberated by both fuels in a commercial boiler, which 
would, of course, involve a determination of relative stack temperatures, 
excess air, etc.; and the energy consumed in the producing (or mining), 
manufacturing, shipping and terminalling of each fuel. It is also likely 
that the relative release of CO 2 could vary significantly, depending on 
the specific coal considered. While the boiler efficiency would probably 
favor LNG, I would guess that coal would probably have the advantage in 
terms of the overall energy consumed in getting the fuels out of the ground 
and to the market. This would seem to be particularly true in the case of 
Natuna, where fuel requirements will be higher than in conventional LNG 
projects because of the need to either vent or reinject the CO 2 recovered 
from the raw gas. For example, including transportation and receiving 
losses, as well as fuel requirements for producing and liquefaction, around 
1.6 times as much hydrocarbon will need to be produced as will finally be 
received at the boiler burner. While the enery requirements for coal 
mining, etc. are undoubtedly substantial also, I doubt they will be this 
high. 

You may want to have one of your engineers look over these calculations to 
see if any additional light can be shed on this subject. However, I doubt 
that any extensive additional work is justified. 


Very truly yours. 



GRG: jdh/mkf 
Attachments 

cc: R. L. Preston 
G. J. Lookabaugh 

0405N 


I Q A Mo^LrU iwO-rc nj t 

C/X^Qul-^kc kJ ^ , > 

/ 7 /I Xoti-u cj^yw^TZij - /. /^.-^ - ,-/. 

■ — /.^ 

C 0/16 O^'-L/JV /*s 


Xs'.^rtC, 


V ^ 2, 


G.jjr' 2 , •<- f l ^ ) C 7 $ 0 /£ 7 -^y^Y ") 


ius 




( ~L^/ . iXT-x' & 7 


I -OC/i.J'/'j 


» 12 


/? 




34Y^£t-v Pm? /, 6 00- #S0 &7~c? 

/ ( *•?•*/ / 




Mb/tiPlS* Pc ■ / • ; ^ 'J/tS'tA? (Cor //- 6 s> \/i«.rcS c *. X/i' . ) 




37 ZCh'x? + . 7Vy^2 y. , L2-&&-1 -? ..’hllC&t t . UBCJ-l. (■ i 

. 3*7Z X. /^ X If. 


.7 2- 


. 3^Z. C/'/v v- / ^ £^?n__ -+,.lv*?/ho h /X 7,9<>$tri 


!>0. V,/- ' 


l 2 *7 *7o ^ 


/ 7.& / Ciy t- nyj u *L — >• 7.3jCu^ f 


*/ 6 .s 


3 </2 3 ' 


5.<.x 


: ; r 


Ccr/ £ 


A 


eX Cuu&t-6 /V6y </ c'-i- ficcoC"*"'* P- ('U'.-.'Y 


U 



/ / 


-if 

'- 2 Z 


/ 




:i^ 



/. 




rJ* 


? 


j # . (, i ,. «. <■ 


a 

A 

y 

/ . 


yX-iy-^s'j,/c£ y 


/» ' l '; :, 


y 7 1 " J ' 
{^trzP /o /-I , u/J // 6 */- // y/xTcty, eu'a/ 


■ • / 


S urv\ rn n Of- Cy /£?. ( 

Crt ccu(,^ nc>AJ4 


<-iritH<xi_ -frVrr> burning Goal e.^oi^ts.te.irt'b 

t^d /M&ru hc^ re./ca^ } 

C&A. z >y\ >4-t<-<A. from bvrrun^ i~jJ 6- G*]uw*.U 

-&> /On & TV /)£«./- role^jc J LU. 

^-'Ql coirMe-A- m f> reducing rsuu cj<$2* e cjLn k<s. k n t? 

-tbd- rexpjirtlti, Jo m&nu fjehre, Sufficient 
for / ft) & TV /;<rd,/ re.(e^o 

/ 

60z. emrMuL for 
l~h/(y- ca&L. 


o?S3 

=■' IL-'M 


/<2 8 
34 S 


47 3 


Coni- Basis 


LNOt- GHs/S 


Masru/Ze 

& */o coi ■ 

c, 

A/i 

72 ./ nnotfo 

Ash 

/£ K 

0.! 

/. 2 

CAH60 aJ 

%P- out (osh/m otS'f free) 

h/HV 

rZ3, 455 GrJ/bB, 

pJ'iCUZjOOClJ 

£ 

LL V 

Po.iso Brj/sG 

OXY CrChJ 

5 

6 &S 3 L pvXDaOCCcL ! 

pJ i nzoo-cH 

3 

7 //i? 

7 o CO 2 . 

SuUFuB. 

/_ 

<=* 7 

To Hydroce rco n 


/CO 


Si ry \Ps i Fi tzt) APP(Zct\cH 
Assume 

• Snorts excels A/P Fop Both Foa.$ 

* '• 5779 c < TsrrtP. •• " " 


/ CS -/go: 6 htcAnNCr VJ\UMS 0F_ CD/) t— 

£>/ X>uLoHCr FoPmouP 

BTV /l& : /SS.HHC y i> 2 ./ ^ tf) + HO.S s 

-/ss-.V^K -SH-wO & - ) *■ ¥ 0 -S ^ / = y 3 , 0«0 me^n./iin 

^ fo<-C. ■ bc\z li. 

fcc.civ'cci 6as& -/3 ; C<£>0 x /oo ~ /<* - g __ /o^q.% Btv/l-B. 

/oo ~ ’ 


P. ' ' -' ^~/ r ~ A c *) r«v / <> ^/9 i c /f Co nt_ 

• AbJusr Fo/z. Hi. Coma. - ///// • d /j0 7o 

**• 1 / S/> & O Q 

?,? 7o Btj/ls d z 

r.O£xO,Sx 7 V 70 = HSH Brv/Le As Bee'* CcH 
C. L.LV : /O'PAE - Vsy S 99 ?v Sru/et 3 


*- - AbS TV CcF.L hi hi V 


Cor, 


//a. O 

/2 


Chlo .% 1 

% /^2 a g . g „ £ £ 

A?-f ' 


' ^ ( 2 , lt " 

* 5A 9<i //<0 /£ # /«, 

3^K.*J / *L /\s £rc 4 CciiQ<_ £/G&e_/c)/^; ?^~SS Bru. 

7-0 Go- /«/«« 6nj'± „ utr &,«*, /*/.•* 9W- /<W.7 *i « * „ 44 

/A AotAJ / 0 ¥. 7 «ii /Is £W. a /S^ /av.7y p.8o y». 88 - 73.7 n a c 


B«z, J 757*0/6.8 V'<~£> «7 „ //O , J3-3.3 


c /-^. 


v ? a _ 


* i > £0, 




/V- 6 . <Zf nusu^n c aJ 

Ay i * ^ O n _ 


CO -, V 


• g /4, 0 


/4 <W 

<44 

/i <s 


— 

v 3//z.o 

Co //£ 

82 

^ *' 

n 

fYi ol- r&bcr 

o . 9 80 s x /6 - 
0 . OOi 4 X 30 - 
0 ^ 0 / 8 / x ~ 

/■O 

or Fit Ac. T~ 

^ t 

Cl 

Vi. 

.'*■7*7 0.9*4 

0 0 <JI 0 C 03 

O-SO*) c oFt! 

K'-zni 

SutLhJ / ti 

Al G- c /S C7c/^r^ 

-Oo, 2 So Bru. (lmv) 

G-GT / x / O ^ 

Brcc Mtftr SurLd /y/o^-f. 26 , 2 so - 


/P ^ * T ’ 4 * ^ ^ ^ « *■’** - «-aa * i c / 4 . 

V A7.f^ X <5,^3 0./y A $ c 2 % 

C 

UJhhrK ) Qu&fiJ ‘ 


^<^•33 x 44 = /^>7. y 

•* G0^ 

/ £r» 


o- ^ x Sg - A.y 
30 

■*- C02. 

7o/q l /^7.8 

~ <rs- 


c /v <* c’,/4 y,o4 t 


CO, /C cio-/7£c£> /AJ Poobou^otJ QF_ ^.iSL - 

/45Scj/>v€ (S/l-i CornP. - 7 /• 2 Vo CO 2. 

£ 7 °/o bJ Gr 


TO PKLokOCG 

x2e z)vi£ez 


41.9 G> * ± OF 
PtfjobJcTiod OF 


M Gr. OR. 42-U* ^7o<^5 oF A/.6-. 

/<*.272 

e?,95 ~ x 0'7/S 5 !■%+ Mou± OF C£>z_ 

o-a-7 

oe. 34£ ft 's gP ^ 


Term. CO 2. Cmmxrb To Amos 
Coftc cowSu^TJorJ ~ 

A/.&. Corr\bU*rt o/J /PI- 2 

/V. G. f > CJ>bu(.riObi >3 V5 

Tome. / / . 


c?^3-3 * 


472. £ ^ COa. 


./©/Cc79/-'£ i v^'aJ CNLi PS 3-3 - ''*57-8 - /PS,S <0£. P.<%S/Vloc^> CO^ 

Sr OrcrA^cb boOioc. 

PgctU^TlOfJ 

/HeQ£> 60 / 01 /° /)r Z3.C. t *7.85 /^bci COj. ^ y?.SS * - 4.^ Vo 

P.fS MolS U‘Ga. S-SO ===— »=-— 


^ * © 


•f 



• a/o jr Foe C S/A/ar Akobocert Wo 


3 - Cik^r v>fcc/^-/o 7^ 

♦ Moi^tuAjE /aJ 

/■/<2 <Z>0 C F Xr*f>or~ /£>?% 

H®. & 0 °F Zlo,. £1 

FH /C(o0 

AttfJ&TMChlT TO ClQl. (lL\/) = 

0.08 = Zs Bvj/as as J^' b 
* Ash //J co/Qc. 

- Assume . - 5 *. F/r C/fJtxrrt. = O ZS Bnj/c6- °F 

C iKibctO Loki't^iNS 2.0% Cor»6uS77£ce? 
C/aj£>ctC c<r>9/c3 /Qo/cex: /?r /5~00°F 


C-/Hbe£ Foejnex> » 


- 3 , /S' 

/- 4.2 


Com^ntce LcPr //J CiHb&L* 0>l e oyO.Z-i 0.03 Lj& 

/-Ir Lots : 


Scjs,ea? rfj- '0./s*0soo-io) % '0.zs-* S4 8 tv /lB 

At of Comevonort ■ 0.03 * 9 t 9 V = Soo 

T~OTY\C. J cy 


9 . 


//gr>r FCcrn CoFc 

A5 fZz-ccr/£{_ coAu : 9*?“ V V 

ujt gas is - f ss.r _ /3s7iL 

«.">• ty C"£? 


9 sss e^rj/Lb 
Fro/cs 


Co tic. 




i ; 

I 

l 

i 

i 

W 


\ 


